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Figure 2: Different binning schemes, for 2 = 1.12 x 10-7ey2, sir () =
0.398: (a) N = 1 bin (the day-night asy etry) , (b) N = 10 equaly s-
paced zenith angle bins, and (c) N = 10 "u i orm" bins, where the day-time
data is (roughly) uniformly distributed. h error bars contain statistical
uncertainties only. We assume three years f KamLAND running.

2



A. ~<:"1)~-\dc.. r.(. t1 v.t.-A 'tAn A

tiln2 e

p.O5 0.10.005 0.01 0.5 1
1 x10.5 1x10.$

5x10-6 5x10.6-
>
Q)-
E
~ 1x10-6 1x10"

5x10.7 5x10.7

1x10.7 1x10'7

5x10-8 5x10'8

1x10-8

1x10.S

1x10'8

1 x10.5

5x10.6 5x10-6

-
>-
G)-
E
<::I

1x10-6 1 X10.6

5x10.7 5x10.7

1x10.7 1 x10.7

5x10-8 5x10.8

1x10-8 1x10-8

0.005 0.01 I ~.O5 0.1

.lh28
0.5 1

Figure 1: CONSTANT DAY-NIGHT I.AJSYMMETRY FOR 7Be NEUTRI-
NOS: AT THE BOREXINO AND K~tAND SITES



.:?, 'te"'A{LS

0.01 0.02 0.05 o.~ 0.2 0.5 1

1x10-6~
~
~'"--

..I,
-'<1

1x10-6

7x10.7 7x10.7

5x10-7 5x10-7

3x10.7 3x10-7

2x10-7 2K10-7

1 x10.7 1 x10.1

0.01 0.02 0.05 G.tt 0.2 0.5 1

Figure 5: Measured values of (60m2, sin2 0) .h seasonal variat~f the day
data and ten uniform night bins. c.

-=..Low~

5

CN1nf ~NI~/NCr

1} J~WIn( lIN.. .~ ttIf1 ~/,J!.S~/Pn-hllJ



Month



~.lluItA:1.qnA

r~'o 0'30//
-/

5 .10-10

.-.
~
>.~ 2 .10-10
~
E
<J

.2 .10-11

1 .10.11
I I 0.,

81111(28)

u ,0.4D 0.2



".

'I.
ttW\t,

\ ~.. ~} "Co .-~ -,,- .

~~~~~~~;~~~~~~; ~ ~ J
'.. ..~ ~ ~ ~ ~

"6'1-'\Jr.,
DR.

L1 fh\~~ < 0

{5;;[)

!

Q.J- IS

" .r 1?~ CR -0)0~-

6E'"" t'lJl1'>f7 I\J



"t

Uel Vr

~

---""""'-

/"--~-=o

~~'f 7
,

VV\I\N

It 'B~AE""'ASV To~\,

.

E1\IE'Rf.tA'fof J.h"G14 E"lvouCrJ..I

I' ANVLl"""~

v~y
Rc~Ot.f v S n A-t. L

1t>IS T1.ftAffI: ~ AN CC"

"D(SCoVt'~Y(fo(

r.eoVlt>clSuCH 'SETUpA

.

wf(..(..

1~.Jt: At') t:-~ ~.t.A'11'OS f~' c7).fE", I\.J t==o~ n Pr T/oN ON

k 1. !.~i.~' GTTini~ ~

4 Ut1=-?V~4:
re.

'1.

4

~ .2(A,t+.2

.:r """ [-8 It.. LlrJUrt U:t Ut' ue.sl tAft.



n~c tto...lN A:-T1~ I.

~ 0.03 I I I I I I I I I I I I

a..
0.025

0.02

0.015
:,'':

0.01

'.~~:.::.~~~:

' j j ~ i~~.~.:-.:- .

0
11
)

0.005

Figure 1: III! ~ lie oscillation prob~bility for Llm~3~i 0 (solid line) and Llm~3 < 0 (dashed
line). l~m~31 = 3.10-3 ey2, (Jatm = 1r/4, Llm~ = 1 10-7 eV2, (J0 = 1r/6, IUe3f = 0.01, and

IS = o. L:900~ .

)(

.11 ~ '2..
-
.2e=

As- AS'l.oNfr A1<.e-~ A:'fT't:; -.. e~ c S .4:1\J

Fa~ E>In Po"'~ T/I-*'f'".A.-ore-

wE" M'~ g ( Go G-t-~~, S' n\:.-J ec ~ ~/V

h"

A-"r

1



So~ E"'F~C{"sG--M~NG-

""

~TE"

9- -:

If

1

" ~---"""""'"

'l
-lue.,J

[

"
~711IS' ~~

I

1-,~
,,"-It -,.2« c-. 2.6,3)

!
~

"bC'Pe:N'DE)J G ~
0, )

1
n A--m-" e:~<.("S
1~~""~ V~ ~,~

~



lorst\I 0.OR.25-

~0.045
-0.04

0.035
0.03

I0.025

0.02
0.015
0.01

0.005
t\I 0
~ 0.003 I

~0.002-
t\I

~ 0.001-

0.3 0.35 0.4 0.45 0.55 0.6
I I I

0.65 0.7 0.75

*

-0.004M

(\1"-::- 0.003
E
~ 0.0020.80

-0.001

-0.002

-0.003 ~ «~U»:~~

0.25 0.3 0.35 0 0.55 0.6 0.65 0.7 0.75
.2;

S81 9'23

F~gure 1: One and three si~a confidence levi~ontours in the (sin2923"x IUea12) and
(sm2 (J23 x Ami3)-planes, obtamed from the "me rement" l~m~31 = (3::!: 0.1) x 10-3 ey2
and sin2 2~~ = 0.91 ::!: 0.01, depicted in the inset at~ in the center.



".
ONE
'"'-'- ~::~::::~~:~:!~~..~~~~j~:~::~,]-

/r~~~-~i ~.
NUHI

S()ON-TO-~ t-

.

20 "roll.JNE""lJ

.

OFf A1c1's:
~~

t'/ ,\
"&6"-n> ~c;(../~

.

of E)...t ~ (,"t'0 1>E~:

Tt:> I\J. c.IN



0 2 64 81 10 12 14

Ev

[
~

Vi

5>
Q,)

~
0

0 2 4 6 8 10 12 14

Bv

Figure 5: On, and o~-axis beams for .the low and ~~ium energy NuMI hotos c:~fi«uration.
A full beam slmulatlon was made USIng the GEA~r based GN uMI Monte Carlo.

11

120100

80

60

40

20



--.: ~~~~::: "'-~-~:_--~- 0 ..10 '" ~ 11,.(+)

~ 1
--I ~~~~~~~ ~ 10 11,.(+)

-2 11.(+
10 -

-3 II. +
U 10
u 0 2 4 6 8 10 12 14 16 18 20

E.(GeV)

11 

0 j~ ::,~ " ( + )
oM 1 .
~ -f

~ :::~~~~k 0 LI,,(+) 0- V.(+) V.

g 0- 0 2 4 , 8 to 12 ..., tt 18

[.(~

I to }~::;:~~--"ii,. ( -)
oM 1 11,.(_)
~ -

0 v.(->
1 9 ~ f~~;;~~~~:~f:~g~~I~:~~

8 10 0 2 4 6 8 10 12 14 15 18 20

(.(GiIW)

Figure 9: Beam comp?sition for positive (+) an H negatjve ~-) h«n curleD"'. ~: b t~ a low energy configuratIon at L = 735 km and R -10 km. rIght: fCX' t~ a ~,~ eDerU

configuration at L = 900 km and R = 12 km. .

the picture. Nonetheless, the FOM is flat enOUg~ hat any "reasonable" choice of baseline
and opening angle should be "close" to optimal. e, therefore, will do all our analyses for
a baseline of 900 km and at a radius of 11.5 km.

3.1 NuMI Off-Axis Beams With AI :New Proton Driver

The Proton Driver design described in (23, 24] i I allow us to bring the N1a!W!1 ..trino
beam power up from 0.4 MW to 1.6 MW. This d. is baaed on an 8 GeV CiK~
with a circumference of 473.2 m, and it will provi e 2 x 1013 protons per pulse i~ ~ iie
assumed 5 x 1012 of the current booster. In addi i n, the totallwninosity could be fwt~
increased by 30% if the current linac gets a 200 V upgrade. In this case, we would get
3 x 1013 protons per pulse. This machine is estim to cost US$160M.

An alternative design made out of only a lin t accelerate protons up to 8 Ge V, using
SNS and Tesla style superconducting cavities, is under consideration [25).

~::ector Simulation and frPected Signal Eflicien-4

To determine our VIl -+ Ve detection capabilities, e are considering a highly segmented iron-
scintillator detector. A full study of the expected e ector performance, event reconstruction
efficiencies, and background contamination was p r ormed.

The detector is made up of 4.5mm thick iron ils (one quarter of one radiation length)

16
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